The clinical syndrome of TN or tic douloureux, 5 which affects 0.004 to 0.016% of the US population, is characterized by paroxysmal lancinating pain in the distribution of the trigeminal nerve. 5, 11, 12 Pain, which is usually unilateral and more common in the V 2 and V 3 roots, can be triggered by a variety of trigeminal sensory inputs. The origins of TN are not entirely understood, but in many cases the cause is trigeminal nerve root compression at the brainstem due to a vascular structure or mass lesion.
CLINICAL MATERIAL AND METHODS

Patient Population
Our database of 209 patients who underwent neurosurgical treatment for TN between 1997 and 2004 was analyzed retrospectively after permission was obtained from the University of California, San Francisco's Committee on Human Research. We started our study with patients treated in 1997 because that was the 1st year in which computerized records were kept at the University of California, San Francisco. Between 1997 and 2004, 32 (15.3%) of 209 patients with TN (19 women and 13 men) required retreatment at our institution (see Table 1 for patient characteristics). As shown in Table 2 , the mean age of the retreated patients was 69.1 Ϯ 12.3 years (range 51-91 years), and the mean age at symptom onset was 53.7 Ϯ 15.5 years (range 30-81 years). Patients who had undergone prior treatment at other institutions were excluded because we were unable to obtain the information needed for analysis and because the exact method of treatment was hard to ascertain. Patients with multiple sclerosis were also excluded and analyzed separately, as mentioned earlier.
Of the patients eligible for analysis, 32 with refractory or recurrent symptoms required retreatment. One neurosurgeon (N.B.) performed the additional treatments in all patients. Radiosurgery was performed with a gamma knife apparatus in conjunction with the Department of Radiation Oncology.
Patients were evaluated for demographic information, clinical presentation including symptoms and distribution of facial pain, initial treatment modality, comorbidities, time elapsed to recurrence and severity of symptoms, retreatment modalities, and final outcomes with respect to pain control and paresthesias. Preoperative and postoperative medications and doses were recorded, and any surgical complications were noted. If vascular compression of the trigeminal nerve root was present at the time of surgery, the specific vessel compressing the root was recorded. Outcomes were assessed by determining the extent of pain relief, the frequency of ongoing painful episodes, and the requirements for continuing medication. The Student t-test was used for comparisons between two groups and a probability value less than 0.05 was considered significant.
RESULTS
The mean duration of preoperative symptoms was simi-R. O. Sanchez-Mejia, et al. * FU = follow up; RF = radiofrequency ablation; rhiz = partial rhizotomy; RS = radiosurgery; Sx = symptom; Tx = treatment. lar for retreated patients and for those who did not undergo additional procedures: 104.1 and 93.9 months, respectively (p = 0.278). In our sample there was no significant difference between the retreated group and those who did not undergo retreatment with regard to age (p = 0.347), duration of preoperative symptoms (p = 0.278), or pain on the left side of the face (p = 0.370) in men. Hence, outcomes did not differ significantly in the patients who underwent retreatment and those who did not, although the duration of preoperative symptoms was longer for patients in the retreated group. Approximately 75% of the patients described their pain as sharp or jabbing, and half described it as similar to an electric shock ( Table 2 ). To a lesser extent, patients described their pain as burning, aching, or dull. Preoperative numbness in the trigeminal distribution was present in 12.5% of patients. The number of patients with pain in the V 2 or V 3 distributions was the same (18 each), and five had pain in the V 1 distribution; some patients had pain in more than one distribution.
The initial treatment for the 209 patients in our database was MVD with or without rhizotomy in 93 patients, radiofrequency ablation in 12, and radiosurgery in 104 (Table 3). The mean number of retreatments was 1.80 Ϯ 0.92 per patient. The mean time between the initial treatment and the second one was 13 Ϯ 23 months, and the mean time between the second and third treatment was 149 Ϯ 38 months. No patient required more than two retreatments per affected side. The mean follow-up period between the first and last treatments was comparable for radiosurgery and radiofrequency ablation, and it was longer for those two treatments than for MVD, but this was not statistically significant.
Nineteen (20.4%) of 93 patients who had initially undergone MVD required retreatment; 11 of these patients required one retreatment and eight required a second and final procedure (Tables 1 and 4 ). The final treatment in this group was radiosurgery for 14 patients, radiofrequency ablation for three, and MVD for two. Five (41.6%) of 12 patients who initially underwent treatment with radiofrequency ablation were retreated; two of those patients required two retreatments. The final treatment for this group was radiosurgery for four patients and repeated radiofrequency ablation for one. Eight (7.7%) of 104 patients who were initially treated with radiosurgery required retreatment; seven required one procedure and two required a second retreatment. The final treatment for these patients was MVD for four, radiofrequency ablation for two, and radiosurgery for two. The patient in Case 5 had bilateral TN and required two treatments with radiosurgery and one treatment with MVD on each side ( Table  1 ). The mean initial radiation dose given in radiosurgery was 77 Gy, and the mean retreatment radiation dose was 40 Gy.
Radiosurgery was the final treatment in 20 of 32 patients; 14 (73.7%) of them reported 75 to 100% pain relief and five had 50% relief (Tables 1 and 4 ). Microvascular decompression was the final treatment for six patients; four (66.7%) attained 100% pain relief and two had 25 to 50% relief (Tables 1 and 5). Radiofrequency ablation was the final treatment in six patients; five of them (83%) had 75 to 100% pain relief. To assess the efficacy of each modality as the final treatment, we calculated the percentage of times that a given retreatment was the final treatment for a given patient. We found that MVD was the final treatment in seven (63.6%) of 11, radiofrequency ablation in six (66.7%) of nine, and radiosurgery in 19 (76%) of 25 instances. (These numbers mean that when a given modality was used as a retreatment [that is, not the initial treatment] it was the last treatment x/y [%] of the time.)
After the final treatment, eight patients attained complete pain relief; three of them tapered off all medications, and five reduced their preoperative medications ( Table 5 ). The other 24 experienced a mean of 85 Ϯ 12% pain relief, and of those, 13 were able to reduce their medications. Only one patient required increased amounts of medication. Of the eight patients who experienced complete pain relief, all reported worsening or new facial numbness. Two of the 23 patients who experienced improvement but not complete relief also had worsening or new facial numbness. There were no surgical complications in any of the patients who underwent retreatment.
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Surgical retreatment of trigeminal neuralgia 3 Kaplan-Meier curves comparing rates of retreatment for each initial surgical procedure (MVD with or without partial rhizotomy, radiofrequency ablation, or radiosurgery) were plotted over time, beginning with the initial treatment (Fig. 1 ). Patients were categorized according to the first surgery they received. Radiosurgery required the fewest second treatments overall, and most patients experienced refractory pain by 40 months or less. Next to radiosurgery, MVD required the smallest number of second treatments.
DISCUSSION
Trigeminal neuralgia that is refractory to medical management can be treated initially with one of several therapies. The selection of a particular treatment is based on a variety of variables, including patient age, medical condition, the surgeon's suspicion of vascular compression of the trigeminal nerve root, and patient preference.
The treatment of medically refractory TN is not always successful, and patients may require retreatment.
2,12,14 Re- pain free  3  5  0  0  100  33  16  8  reduced pain  0  13  10  1  85  47 current pain is reported in 10 to 30% of patients, and 90% of the time it occurs in the distribution in which the initial symptoms appeared. 14 Recurrent symptoms have been associated with younger patient age at the time of surgery, longer preoperative duration of symptoms, venous compression of the trigeminal root entry zone, female sex, and pain on the left side of the face in men. 2, 9, 14 In our patient cohort, we also had more women than men, but we found no statistical significance for any of the other variables. It is not known why women have a higher pain recurrence rate than men.
The lowest rate of retreatment was seen after radiosurgery (the follow-up periods for all treatment modalities were comparable). Although follow-up duration for the MVD treatment group was shorter, it was still long enough to allow evaluation for recurrence or refractory symptoms, given that the mean time between the initial and second treatment was approximately 13 months. Nevertheless, we cannot exclude the possibility that the shorter follow-up time for MVD led us to underestimate recurrence and the need for retreatment. The retreatment rate (20.4%) after MVD in our series is comparable to the 10 to 20% rate reported in the literature.
1,2,4 Radiofrequency ablation was associated with the highest rate of retreatment (41.6%). We did not treat many patients with this modality because we believe that it leads to a very high incidence of sensory hypalgesia compared with radiosurgery or MVD. Our rate of retreatment after radiofrequency ablation was higher than the 15% reported in the literature. 13, 15 We do not know whether this is due to differences in patient selection or the number of treatments performed.
We had the lowest rate of retreatment (7.7%) after radiosurgery. In contrast, others have reported that approximately 13 to 22% of patients require repeated treatment for recurrent symptoms after undergoing radiosurgery. 3, 7, 16 Although randomized blinded studies with comparable patient selection criteria would be necessary to compare the three treatment modalities statistically, our data indicate that radiosurgery may be more efficacious than MVD or radiofrequency ablation as an initial treatment for idiopathic TN. Whether the degree of this benefit would differ after correcting for patient characteristics such as age, identification of vessel involvement by magnetic resonance imaging, or other factors remains to be determined. Clearly, preoperative variables contribute to selection of the treatment modality, and further multivariate analysis will be needed to resolve this possibility.
When patients require retreatment, all of the initial treatment modalities are available. When MVD, radiosurgery, and radiofrequency ablation were given as retreatments, there was a 63.6, 76, and 66.7% chance, respectively, that no further treatment would be necessary. Radiosurgery was the final treatment in the majority of patients (19 of 32). Repeated MVD for recurrent or persistent pain can provide excellent or good results in approximately 75 to 85% of patients. 2, 9 In 56% of patients undergoing repeated MVD, vascular compression is observed again. Of the 19 patients who required retreatment after initial MVD in our study, in 72.2% radiosurgery was their final treatment. Shetter, et al., 10 report that after a second radiosurgery treatment in which the gamma knife was used, 53% of patients were pain-and medication-free, 21% were free of pain but still used medications, and 11% had incomplete pain control.
All retreatment modalities used in our cohort resulted in a similar percentage of patients with 75 to 100% pain control. Nevertheless, even though radiosurgery yielded pain control rates that were similar to those found for other modalities, it had a greater likelihood of being the final treatment; in our cohort, it was the final treatment in the majority of patients.
Trigeminal numbness is known to increase after any neurosurgical treatment of TN. Radiofrequency ablation leads to the highest rates of trigeminal numbness, followed by radiosurgery. Shetter, et al., reported a 42% incidence of new trigeminal numbness after a second neurosurgical procedure. Interestingly, patients in their study who had facial numbness had a greater likelihood of being pain free. Hasegawa, et al., 6 described their experience treating refractory TN with radiosurgery after it had been previously treated with various modalities. They identified patients who experienced pain relief after the second (64-Gy) but not the first (75-Gy) treatment. Not surprisingly, they noticed a higher incidence of paresthesias after the second procedure. Similarly, in our patient cohort, all participants who had reported complete pain relief had worse or new trigeminal numbness, and only two of 24 patients who did not have complete relief had worse or new trigeminal numbness. Hence, postoperative trigeminal numbness correlated with improved relief of TN.
After plotting the need for retreatment after the initial procedure against the time elapsed since the initial treatment, it appears that radiosurgery requires retreatment less often than other modalities (Fig. 1) , whereas MVD and radiofrequency ablation seem to have the same long-term efficacy. These results cannot be interpreted at face value because we did not correct for patient variables and how they affect patient selection for each treatment modality. Nevertheless, the results reflect, to some extent, the efficacy of the initial treatment within our current process of triage to different treatment modalities. Evaluation of preoperative variables and how they may contribute to treatment outcome will likely clarify this. Of course, a prospective, randomized, double-blind controlled study would allow for a better comparison between treatments.
CONCLUSIONS
Trigeminal neuralgia can recur after neurosurgical treatment. Our study indicates that the number of patients requiring retreatment is significant. Lower retreatment rates were seen with patients who initially underwent radiosurgery compared with MVD or radiofrequency ablation. Radiosurgery was more likely to be the final treatment for recurrent TN regardless of the initial treatment. After retreatment, the majority of patients reported complete or very good relief of pain. Pain relief after retreatment correlates with postoperative facial numbness.
